The effects of autoclave and oven treatments on gelatinization properties of rice flour and on crystallite structures of rice starch in rice flour were studied using dynamic oscillatory measurement, differential scanning calorimetry (DSC), X-ray diffractometry, and scanning electron microscopy (SEM). Autoclave-treated rice flour (ATR) and oven-treated rice flour (OTR) were prepared using an autoclave at 120 °C for 60 min and oven at 160 °C for 60 min. Dynamic oscillatory and DSC measurements demonstrated that autoclave treatment modified the gelatinization properties that delayed gelatinization temperature (T G' and T o ) and decreased in peak storage modulus (G' p ). Autoclave treatment caused formation of amylose-lipid complexes and partial gelatinization of starch granules in ATR studied by DSC and X-ray diffractometry. Autoclave-treatment engendered formation of amylose-lipid complexes and partial gelatinization of starch granules in ATR studied by DSC and Xray diffractometry. Alteration of gelatinization properties of ATR flour is attributed to changes in rigidity of starch granules during treatment. Similarly to ATR, oven treatment was effective for gelatinization properties. Nevertheless, it was insufficient for rearrangement of starch chains in OTR flour.
INTRODUCTION
Rice is an important grain. Most is consumed as milled rice.
Interest in rice-based products and their processing technologies has increased despite higher costs than for either corn or wheat. Rice flour paste changes drastically in viscosity during gelatinization. It is difficult to control its rheological properties. Modified starches and cereal flours have become important in processed foods because functional properties of starches and the flours are improved over those of the native starches and cereal flours. Chemical modifications such as cross-linking and acetylation 1) are used widely in the food industry. High-pressure treatment 2) , microwave heating 3) , heatshear by extrusion processing 4) , γ-irradiation 5) , and warmwater 6) treatments, i.e., physical treatments, can also alter starch gelatinization properties. Heat-moisture treatment (HMT) with heating at restricted moisture levels is one physical modification of starches and cereal flours. Sair 7) observed that physicochemical properties of starches change dramatically after HMT. Heat-moisture treated starches and cereal flours can be used more safely for various food products.
Numerous studies have explored physical properties of rice flour using treated kernels, but few studies have addressed modified rice flours' cooking and processing characteristics.
The present study is intended to clarify effects of autoclavetreated rice flour (ATR) and oven-treated rice flour (OTR) on gelatinization properties.
MATERIALS AND METHODS

Rice
In 1998, short-grain japonica non-glutinous type rice was harvested in Japan. Milling of brown rice was carried out up to a milling yield of 90% (w/w) using a VP-30T friction type rice whitener (Yamamoto Co. Ltd., Japan). The moisture content of rice kernels was 12.4% (w/w) as determined by drying method. The amylose content was determined to be 17.7%
(w/w) by the method of Juliano.
8)
Preparation of Heat-Treated Rice Flours
Milled rice (300 g) was maintained at about 10 mm thickness in a stainless steel wire-mesh container (250 mm diameter, 120 mm height, with 1.5 mm openings) and heated at 120 °C for 60 min by an autoclave (SS-320; Tomy Seiko
Co. Ltd., Japan). The moisture content of rice kernels was 20.6% after autoclaving and 12.9% after drying at room temperature (25 ± 1 °C) for 24 h. The autoclave treatment in the present study is interpreted as heat-moisture treatment because rice kernels were heated with limited moisture levels (≈20%). Milled rice (300 g) was placed to about 5mm thickness in a stainless steel wire-mesh container (300 mm × 200 mm width, 50 mm height with 1.5 mm openings) and heated at 160 °C for 60 min using an air-oven (DN600;
Yamato Scientific Co. Ltd., Japan). The moisture content was 
Differential Scanning Calorimetry (DSC)
Gelatinization of rice flours was examined using a differential scanning calorimeter (DSC; DSC120; Seiko Corp., Japan). Rice flour (9.0 mg, dry base) was weighed into a silver pan. Then, 21 mg of distilled water was added. The pan was hermetically sealed, then heated at 5 °C ⁄min from 25 °C to 155 °C. The DSC curve was recorded with distilled water as a reference. Onset (T o ) and peak (T p ) temperatures, and enthalpy change (∆H) of gelatinization were calculated using a program (EXSTAR6000; Seiko Corp., Tokyo, Japan). Tests were repeated at least three times.
X-Ray Diffractometry (XRD)
Crystallinity of starch in the rice flour was assessed using an X-ray diffractometer (M18XHF22; BRUKER axs, Japan).
Rice flour was scanned through the 2θ range of 5−35°. A diffraction pattern was obtained using a Cu-K α radiation and scintillation counter at 40 kV voltage and 300 mA current with a 5° ⁄s scanning rate at room temperature (≈24 °C).
Scanning Electron Microscopic (SEM) Observations
Rice kernel microstructures were observed using a scanning electron microscope (S-2460N; Hitachi Ltd., Japan) at 20 kV accelerating voltage without sputter coating.
Statistical Analysis
Results of rheological and DSC characteristics of the rice pastes were analyzed using the analysis of variance (ANOVA)
procedure of a statistical analysis system software package (STATISTICA 5.1J; StatSoft Japan, Inc., Tokyo, Japan) including Tukey's significant difference test at the 5% significance level.
RESULTS AND DISCUSSION
Effects of Heat Treatments in Rice Flours on
Gelatinization Properties Figure 1 shows the temperature dependence of the storage modulus (G') and mechanical loss tangent (tan δ = G"⁄G') for 10.0% (w/w) rice flour suspensions during gelatinization. G' of rice flour suspensions increased drastically at a certain temperature, which is hereinafter designated as T G' (Table I) during the heating period. T G' , in this study, is interpreted as a temperature where G' rose rapidly during measurement. Table I ).
G' BD of ATR and OTR were smaller than that of UTR. This behavior indicates that the heated UTR starch granules were swollen and partly ruptured compared with those of the ATR and OTR. Starch granules in UTR easily became swollen at a lower temperature. However, the rigidity of the swollen starch granules was much weaker than that of OTR and ATR. These phenomena suggested that the starch granule swelling in OTR and ATR was restricted by heat treatments. Heat treatments suppressed granule swelling and retarded gelatinization.
11)
Dynamic viscoelastic characteristics were affected by heat treatment at a higher temperature (data not shown).
Tan δ of all samples decreased rapidly at T G' ; subsequently, the curves flattened. UTR with low tan δ showed gelling behavior at lower temperature compared with ATR and OTR, but the value of UTR increased slightly with increasing heating temperature (>85 °C). A rigid starch granule formed through interaction of both amorphous and crystallite regions during heat moisture treatment. Rheological behavior of rice flour paste was primarily attributed to interaction in the system, such as direct contact between the granules and between the granules and glucose chains. 10) Figure 2 and Table II showed DSC characteristics of 30% (w/w) rice flour suspensions. The values of G' o for ATR flours were greater than that for UTR flours. Moreover, the T o was 8 °C higher than that for UTR flours (Table II) . Other endothermic peaks (T p2 and T p3 ) in the DSC corresponding to amylose-lipid complexes were observed at temperatures of 100-120 °C (Fig. 2 and Table II ). The endothermic transition for ATR was at higher temperature (112 °C) than for UTR and OTR (102 °C). Lai 11) reported that increases in gelatinization (T o ) and peak of amylose-lipid complex (T p2 ) temperature were observed in DSC curves of physically modified (hydrothermally treated) rice flour. It was also reported that the Microstructures of the rice kernels were observed using a scanning electron microscope at 20 kV accelerating voltage without sputter coating: UTR, Untreated rice kernel; OTR, oventreated rice kernel; ATR, autoclave-treated rice kernel.
CONCLUSIONS
Rice flours prepared from dry-heated (oven-treated) rice kernels and from moisture-heated (autoclave-treated) rice kernels exhibited different rheological and thermal properties in excess water. Gelatinization properties of rice starch in ATR and OTR flours can be modified by heat treatment with milled rice. These findings indicate that OTR and ATR flours can serve as texture modifiers for rice-based products.
